Objective: Nutritional status is assessed by measuring BMI or percent body fat (%fat). BMI can misclassify persons who carry more weight as fat-free mass and %fat can be misleading in cases of malnutrition or in disease states characterized by wasting of lean tissue. The fat-free mass index (FFMI) is proposed to assess body composition in individuals who have a similar body composition but differ in height allowing identification of those suffering from malnutrition, wasting or those that possess a relatively high muscle mass. The purpose was to determine whether the FFMI differs in a group of racially/ethnically diverse adults. Design: Cross-sectional. Subjects: Subjects were a multi-ethnic sample (Caucasian, CA; African American, AA; Hispanic, HIS and Asian, AS) of 1339 healthy males (n ¼ 480) and females (n ¼ 859) ranging in age from 18F110 years. Total body fat, total fat-free mass and bone mineral density were estimated using dual energy X-ray absorptiometry. Results: FFMI differed among the four ethnic groups (Pp0.05) for both genders. A curvilinear relationship was found between age and FFMI for both genders although the coefficients in the quadratic model differed between genders (Pp0.001) indicating the rate of change in FFMI differed between genders. The estimated turning point where FFMI started to decline was in the mid 20s for male and mid 40s for female participants. An age Â gender interaction was found such that the rate of decline was greater in male than female participants (Pp0.001). For both genders, FFMI was greatest in AA and the least in AS (Pp0.001). There was no significant interaction between race and age or age 2 (P ¼ 0.06). However, male participants consistently had a greater FFMI than female participants (Pp0.001). Conclusions: These findings have clinical implications for identifying individuals who may not be recognized as being malnourished based on their BMI or %fat but whose fat-free mass corrected for height is relatively low.
Introduction
Assessment of nutritional status is important in several settings. In hospitalized persons, recognition of malnutrition is especially important because nutritional status is linked to longevity and mortality, 1,2 directly influences the course of a disease and optimal treatment and influences the length of hospital stay. 3 Nutritional status is inferred from the body mass index (BMI; kgm -2 ). By comparing values of an individual patient to national norms, the health professional is able to assign a level of fatness, 3 determine risk level for chronic disease and estimate mortality risk. However, merely expressing body weight relative to height has limitations, 3 as a person that carries more weight in lean tissue may be incorrectly classified as possessing an undesirable excess of body fat. Furthermore, data suggest different health effects of fat mass (FM) and fat-free mass (FFM). When only BMI is used as a criterion of nutritional status, these divergent relationships cannot be distinguished. 1 In elderly individuals not classified as obese, involuntary weight loss as FM was associated with decreased mortality, whereas weight loss as FFM was associated with increased mortality. 1 A second method of nutritional assessment is to estimate the amount of FM stored in the body. But similarly, the use of percent body fat (%fat) to describe the status of the body's fat stores can be misleading. This is especially apparent in cases of malnutrition or in disease states like AIDS, where individuals may be characterized by normal %fat, but suffer from wasting or reduced FFM. 2 The concept of a fat-free mass index (FFMI) is not a new term as it was first described nearly 20 years ago by VanItallie et al. 4 They proposed the FFMI to overcome some of the pitfalls associated with merely expressing FM or FFM in absolute terms or as a percentage of total body weight. Although ranges have been established for BMI and suggested for %fat, 5 our understanding of what constitutes a normal or healthy amount of FFM is limited. For instance, being classified as obese by BMI or %fat does not necessarily translate into an increased risk of poor health. In fact, a higher %fat has been reported in seemingly healthy and normal functioning persons, termed the 'healthy obese'. 6, 7 Conversely, those suffering from wasting such as diseased or hospitalized individuals can present with a normal body weight, but in reality suffer from a loss of FFM while appearing to have preserved FM. 2 To further illustrate this point, take as an example two male participants of a similar age, total body weight and body composition, but who differ in height (Table 1) . Assume one of these individuals is healthy while the other is malnourished. Even though these two individuals have a similar percentage of weight as FM and FFM and both have a normal BMI, they differ significantly in their nutritional status. Neither BMI nor %fat discloses this difference. However, by calculating the FFMI, a different body composition is revealed for the malnourished individual. 4 Calculation of the FFMI will allow a clinician to identify the malnourished individual, whereas interpretation of BMI and %fat may fail to detect the presence of protein-energy malnutrition. 4 Although BMI is a useful tool to compare body weights in individuals who differ in height, the FFMI has utility for the comparison of body composition in individuals who differ in height. In effect, numbers describing the body's content of FM and FFM are of little use in nutritional assessment unless they are normalized for height. The FFMI has been described previously in a healthy sample of adult Caucasians divided according to age, 8 and in a second study that characterized the FFMI by percentiles. 9 There has been no report on the FFMI across ethnic groups or how FFMI changes with age within race/ethnic groups. The primary aim of this study was to investigate in a racially/ ethnically diverse adult cohort whether, and the extent to which, FFMI is affected by race. A secondary aim, using a cross-sectional design, was to determine the FFMI's pattern of variation across the adult lifespan. , respectively, and the upper weight limit was restricted in accordance with the capacity of the DXA instrument with an upper weight limit (159 kg).
Materials and methods

Subjects
Race was determined by self identification of each subject from the following four categories: Asian, non-Hispanic Black (African American), non-Hispanic White and Hispanic. In addition, subjects were asked to select the category into which their parents and grandparents fell. If all categories were the same, the subject was identified by that category. However, if multiple categories were selected, the individual was classified as 'other'. For the current analysis, persons classified as 'other' were excluded.
Inclusion criteria required that subjects be ambulatory, not exercising vigorously and without orthopedic problems or physical handicaps that would affect the outcomes of any variables being studied in each respective research protocol. Subjects reporting no major health concerns were enrolled as participants. In research protocols requiring further verification of health status, a medical history, physical examination and routine blood studies were completed. Those with any underlying medical conditions were excluded. 
Study procedures
For male participantss, fat-free mass loss was based on the prediction equations starting at the predicted turning point (23.5 years); for a male participant 182.9 cm tall using the following formula: Informed consents were obtained before the start of testing. All studies were approved by the Radiation Safety Committee and Institutional Review Board of St. Luke's-Roosevelt Hospital.
Dual-energy X-ray absorptiometry
Total body fat, lean and bone mineral content (BMC) were measured using the DPXL (GE Lunar, Madison, WI, USA) using software versions 3.6 (88.2% of data), 3.8 (0.8% of data) and 4.7d/e (11% of data). The lean mass component refers to the total body mass less bone and fat. In this paper, the term 'fat-free mass' also refers to total body mass less bone and fat. Using specific anatomic landmarks as previously described, 10 regions including the arms, legs and trunk were demarcated.
For soft tissue quality control purposes relating to the densitometer, monthly scans were performed using methanol and water bottles with a volume of 8 l to simulate fat and lean soft tissues, respectively. 11, 12 An anthropomorphic spine phantom made up of calcium hydroxyappetite embedded in a 17.5 Â 17.5 cm block was scanned each morning before a subject visit. Phantom scans were also done three times a week and before and after all DXA system manufacturer maintenance visits. Calculated phantom spine bone mineral density was stable throughout the study period. Soft tissue measuring phantoms simulating fat and fat-free mass (methanol and water phantoms) were also scanned as soft tissue quality control markers monthly. 
Results
A total of 1339 subjects (479 male and 860 female subjects) were included in these analyses. The descriptive characteristics for this study cohort are presented for male and female subjects separately for each race/ethnic group in Tables 2 and 3, respectively.  Tables 4 and 5 present the predicted FFMI values for male and female subjects, respectively, by race/ethnicity between ages 20 and 90 years. Figures 1 and 2 depict the relationship between FFMI and age by race/ethnicity in male and female subjects, respectively. All four ethnic groups differed from each other (Pp0.001; except for Hispanic versus Caucasian, where Po0.04) for both male and female subjects. A curvilinear relationship was found between age and FFMI for both genders though the coefficients in the quadratic model differed between genders (Pp0.001). The estimated turning point where FFMI started to decline was in the mid 20s for male and mid 40s for female subjects. A different age Â gender coefficient implies that the rate of decline differed by gender (Pp0.001) indicating the rate varied by age and over the lifespan and the rate of decline was greater Fat-free mass index in a racially/ethnically diverse adult population HR Hull et al in male than female subjects. For both genders, the FFMI was significantly greater in AA and the least in AS (Pp0.001). There was no significant interaction between race and age or age 2 (P ¼ 0.06); however, an effect for gender was found (Pp0.001) with male subjects having a greater FFMI than female subjects. Figure 1 The relationship between the fat-free mass index (FFMI) and age in male subjects by race/ethnicity based on prediction equations. The vertical line represents the peak FFMI in the mid 20s. The prediction equations for the four ethnic groups were significantly different from each other (Po0.001; Hispanic versus Caucasian Po0.04).
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Presented in Tables 4 and 5 are estimates using the prediction equations for the calculated percent decline of fat-free mass across the adult lifespan for male and female subjects, respectively. In male subjects, the predicted loss of fat-free mass was À11.4 kg, whereas in female subjects, a loss of À7.6 kg was predicted. The percent change for the FFMI in male and female subjects varied by race/ethnic group. In both male and female subjects, the greatest percent change was found in Asians (À13.3 and À11.0%, respectively) followed by Caucasians (À12.3 and À10.0%, respectively), whereas African Americans had the lowest percent change (À11.8 and 9.5%, respectively).
Discussion
The primary aim of this study was to investigate if race/ ethnic differences in the FFMI were present in a racially/ ethnically diverse adult cohort. A secondary aim was to determine whether the FFMI varied across the adult lifespan within race/ethnic groups. All race/ethnic groups differed from each other and male subjects had a greater FFMI than female subjects. In both male and female subjects, the greatest percent change over time was found in AS followed by CA, whereas AA had the lowest percent change. These findings suggest that race/ethnic specific reference standards for FFMI are mandatory. Furthermore, specific race/ethnic groups may be more susceptible for greater loss of fat-free mass. Apart from our findings with respect to race/ethnic differences in the FFMI and the age-related variations of this index, analysis of these data on the age in life when the FFMI started to decline uncovered a striking gender difference. Declines in the FFMI were found in the early 20s in male subjects whereas decline in female subjects occurred in the late 40s.
FFMI race/ethnic relations
A main effect for race/ethnicity was found where all groups differed from each other. AA had a greater FFMI whereas AS had the least in both genders; however, no interaction between age and race was found. The percent change for the FFMI varied by race/ethnic group due to differences in FFMI between groups; the greatest percent change was found in AS who early in life had the lowest FFMI, whereas AA had the lowest percent change.
Two adult reference data sets are available; one from a group of CA men and women ranging in age from 18 to 98 years 9 and a second in subjects ranging in age from 19 to 86 years. 8 Though no reference data exists for the FFMI in a diverse cohort, data have been published on how total body potassium (TBK) differs by race. 13 TBK is found in skeletal muscle and used as a proxy measure for skeletal muscle mass to provide an estimate of FFM. 14 Similar to our findings for both genders, TBK values were greatest in AA and least in AS. 13 It is interesting to note that approximately 50% of the subjects used in this analysis were also included in the TBK findings reported above. These findings highlight racial disparities in body composition and suggest that identification of individuals by race will show greater susceptibility for disease related to loss of fat-free mass. Further metabolic studies are needed to identify or clarify the inter-racial differences in the FFMI in relation to health risk.
FFMI age relations
A curvilinear relationship was found between age and FFMI although the time point at which FFMI started to decline differed by gender. The decline in male subjects began in the mid 20s compared to the mid 40s for female subjects. The rate of decline did not differ between groups. The significant age by gender interaction indicated that the rate varied by age and gender. However, over the course of a normal lifespan, the rate of predicted decline in male subjects was greater than in female subjects. Using the prediction equations in Tables 2 and 3 , by the age of 90 years the predicted loss of fat-free mass in male subjects was 11.4 kg and in female subjects was 7.6 kg.
The two previous publications on the FFMI suggest a decline in the FFMI starting later in life. 8, 9 The overall mean and percentile values were reported for both genders in a group of healthy Caucasian adults across four different age groupings (18-34, 35-54, 55-74 and 475 years). 9 Whether examining the data across the age groups or across percentiles within age groups, a similar trend emerged. FFMI increased until the 55-74 year group and then decreased in the 475 year group. Barlett et al. 8 measured body density in 813 healthy adults (282 male and 531 female subjects) using hydrodensitometry to estimate the relationship between fatfree mass and height (g cm -1 ). The ratio remained steady and unchanged until the late 40s in female and mid 50s in male subjects with a decline thereafter through 70 years. In the current analyses, we explored both linear and quadratic equations to Fat-free mass index in a racially/ethnically diverse adult population HR Hull et al determine the best fit model to predict the FFMI. This may be a reason why the results differ in male subjects; Barlett et al. analysis included a two-way ANOVA with post hoc tests to determine gender and age group differences.
FFMI gender relations
Our results found a main effect for gender indicating that gender-specific FFMI values are required and that male subjects had a greater FFMI than female subjects; however by the mid 80s, both genders had similar FFMI values based on prediction equations. Further, an interaction between gender and age indicated that the rate of decline in FFMI was greater in male than in female subjects. The predicted percent decline in male subjects ranged from À11.8% in AA to À13.3% in Asians. The range of percent decline was slightly less in female subjects; ranging from À9.5% in CA to À11.0% in AS. A noteworthy point, the predicted loss of fat-free mass occurred over a much longer time period in male subjects, whereas in female subjects the predicted loss occurred over a shorter time starting in their late 40s. It is unknown how the rate of decline in FFMI levels or the time point in the lifespan when the decline commences predicts or relates to health outcomes or if the later decline in FFMI may help explain the greater longevity in female versus male subjects.
Other studies have found similar results. Barlett and colleagues 8 found that the ratio of FFMI/ht peaked in the early 20s for male subjects and mid to late 40s in female subjects. A significant (P ¼ 0.0001) gender difference was detected across the adult lifespan, from the early 20s to late 80s, with male subjects having a greater FFMI/ht ratio. Similarly, Schutz et al. 9 found the female FFMI was 20% lower than FFMI in male subjects. However, with increasing age female subjects had a slight but significant (Po0.0001) increase in the FFMI after 60 years when compared to male subjects. The gender differences found in peak FFMI were striking and may possibly be explained by known endocrine differences between men and women. In male subjects the hormone testosterone is involved in maintaining muscle mass, bone density and fat mass distribution peaks at age 17 years 15 and remains steady until the 30 and 40s when a 1.2% per year decline was found. 16 In female subjects, estrogen function is analogous to testosterone function in male subjects. 15 Estrogen declines are associated with the end of ovulation, occurring sometimes around the fifth decade of life. In female subjects, the change in FFMI may be explained by mid-life endocrine changes; however, the peak FFMI found in male subjects is still earlier than suggested decline in testosterone. Data sets containing clinical and hormonal endpoints along with body composition data are needed to clarify the gender differences found.
Clinical implications
Assessment of fat-free mass is important since the primary source of the majority of the body's protein reserve used during catabolic periods, which is used to maintain nutritional needs and bodily function, is stored in lean tissue. With aging and during periods of stress such as starvation or illness, the likely result is a reduction in this critical protein reserve. Accurate assessment of this vital nutritional depot becomes important. As discussed, the value of BMI to assess nutritional status is limited and measurement of the total body fat can be misleading. In the example presented in Table 1 The use of the FFMI may also provide insight into sarcopenic obesity, a major public health concern, where BMI may be misleading. Longitudinal data in an elderly population 460 years have shown that total body weight remains stable but masks an increase in total body fat and a decrease in fat-free mass. 10 Those individuals with the lowest FFM are more likely to report functional limitation and to have greater susceptibility for falls. 19 Falls, functional limitations, immobility and fractures are closely related to morbidity and mortality in elderly populations. The FFMI may prove to be helpful for monitoring the development and progression of sarcopenia, leading to efforts to prevent disability and for the evaluation of rehabilitation programs following a fall or fracture.
Limitations
One limitation is the use of cross sectional data when inferences are being made as to what is occurring longitudinally. Therefore, the FFMI change reported over the lifespan should be interpreted cautiously as factors other than aging may be responsible for the predicted observations. The use of cross sectional data may have limited the ability to detect this occurrence. Future research should investigate whether male subjects who remain closer to their peak FFMI tend to live longer and whether the later decline in the FFMI found in female subjects, may help explain the gender difference in longevity. This data set is unable to
Fat-free mass index in a racially/ethnically diverse adult population HR Hull et al determine how the rate of decline in FFMI levels or the time point in the lifespan when declines commence predicts or relates to health outcomes or mortality and whether using this index could provide greater insight into these relationships. These are important public health questions that need to be addressed. Further research is needed to clarify longterm changes and effects.
Conclusions
These data suggest race/ethnic-specific data should be used in situations where the FFMI is used for evaluation. The decline in the FFMI was found to be gender dependent with greater rates of predicted loss in male subjects and beginning much earlier than in female subjects. DXA is a reliable technique for estimation of FM and FFM and is available in most clinical institutions making calculation of the FFMI feasible. The charts and tables included in this paper can be used as a basic scale for evaluation of nutritional studies for research and for clinical purposes.
